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NOTE: Delete, revise, or add to the text in this
section to cover project requirenents. Notes are
for designer information and will not appear in the
final project specification.

This section covers requirenents for the fiber
cabling systemof the outside cable plant.
Accordingly, this section should be tailored
carefully to suit project conditions and to neet
proj ect requirenents.
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PART 1 GENERAL

1.1 REFERENCES

EE R R R R R R R R R R R R R R R R R R R R R R R I R R R O O R

NOTE: The foll owi ng references should not be
manual |y edited except to add new references.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication.

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

The publications listed below forma part of this section to the extent
referenced. The publications are referred to in the text by basic
desi gnation only:

JOHN F. KENNEDY SPACE CENTER ( KSC)

79K28125 (1996) Fiber Optic Cable Specification for
Kennedy Space Center

NATI ONAL FI RE PROTECTI ON ASSCC!I ATI ON ( NFPA)

NFPA 70 (2002) National Electrical Code
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2 GENERAL REQUI REMENTS
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NOTE: Review subnmittal description (SD) definitions
in Section 01300, "Submittals," and edit the
following list to reflect only the submttals
required for the project. Subnmittals should be kept
to the mininumrequired for adequate quality
control. Include a columar |ist of appropriate
products and tests beneath each submitta

descri ption.
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2.1 Scope

This section covers the requirenments for fiber optic cables and associ at ed
conponents. The fiber optic cable shall consist of optical fibers,
strength nenber (or nmenbers), filling conpound and jacketing. The
associ at ed conponents shall include optical fiber connectors, fiber optic
term nal assenblies, term nal bay cabinets, and splice closures as

i ndicated. The fiber optic cables shall be installed in inner duct in the
exi sting cable duct and manhol e system The fiber optic term nal equi prent
shall be located in existing facility buil dings.

Al cables shall be installed and spliced as specified herein and on the
dr awi ngs.

Unl ess ot herwi se specified, all references in Section 16702 to cabl e shal
be deened to nean fiber optic cable.

.3 SUBM TTALS

The following shall be submitted in accordance with Section 01330,
"Submttals," in sufficient detail to show full conpliance with the
speci fication:

SD- 03 Product Data

Optical Fibers (uncabl ed)

Fi ber Optic Cable

Splice Organi zers and Encl osures
Splice Trays

Encapsul ati ng Conpound

Pre- Connectori zed Cabl e Assenblies
Connect or Feedt hrough Adapt er

Fi ber Optic Termi nal (FOT) Bay Cabi net
H gh Density FOT Cross-Connect System

SD- 06 Test Reports

Provi de a Fiber Cabl e acceptance test plan at |east 30 days prior
to testing.

Install ed Fi ber Cabling Acceptance Test Pl an
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Test Results for Optical Fibers (uncabled)
Fi ber Optic cable (reeled and installed)
Pre-connectori zed Cabl e Assenblies

SD-07 Certificates

Provide a Certificate of Conpliance for each of the follow ng
itens:

Optical fibers (uncabled) as defined by paragraph 8.1 of
Speci fication 79K28125, Revi sion K

Fi ber Optic Cable as defined by paragraph 8.2 of Specification
79K28125, Revision K

OFNR Cabl e NEC Fire Rating.
OFNP Cabl e NEC Fire Rating.
PART 2 PRODUCTS
2.1 CABLE

The cabl e shall be nmanufactured in accordance with the requirenents of KSC
Speci fication 79K28125, and as indicated herein. The cabl e nmanufacturer
nmust provide a warranty on the cable for a period of at least five (5)
years. Unl ess ot herwi se shown on drawings, all cables routed in buildings
for a distance of greater than 15 nb0 feet shall transition to riser or

pl enumrated cables and conformwi th the OFNR/ OFNP cabl e requirenents of
NFPA 70, Article 770. Al contractor provided fiber shall be of the sane
type, specification, and manufacturer. Changes to the KSC Specification
are indicated bel ow

2.1.1 Quantities and Colors of Fibers and Buffer Tubes

EE R R R R R R R R R R R R R R R R R R R R R R R R R R O R

NOTE:

EE R R R R R R R R R R R R R R R R R R R R R R O R

***Quantity of fiber and colors of buffer tubes will be defined by the
proj ect requirenents. ***

[ Sheet 7, paragraph 4.2.7.2, entitled, "72-Fiber Cable", change to, "The
fiber cable shall contain 72 SMfibers, with a cable core configuration
conprised of at least 6 |oose buffer tubes each containing a 12-fi ber
bundl e. "

Sheet 7, paragraph 4.2.7, entitled, "The Nunber of Fibers Per Tube Per
Cable", add a fourth type of cable, a 12-fiber cable and add paragraph
4.2.7.4 as foll ows:
"4.2.7.4 The 12-fiber cable shall contain 12 SMfibers with a
cabl e core configuration conprised of 2 | oose buffer tubes. These
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2.

2.

buf fer tubes shall contain 6 SMfibers in each buffer tube."
Sheet 7, renunber existing paragraph 4.2.7.4 to, "4.2.7.5".]
2 CABLE | DENTI FI CATI ON SYMBOL CRI TERI ON

The first of three lines on the ID synbol shall enploy the foll owi ng seven
(7) characters:

First, Second, and Third Characters: The first, second, and third
characters (fromleft to right) shall denote the nunber of active
optical fibers in the cable.

Fourth Character: The fourth character shall be a sl ash

Fifth, Six, and Seventh Characters: The fifth, sixth, and seventh
characters shall denote optical transm ssion wi ndows which the
optical fiber can support. These wi ndows are defined herein as
fol | ows:

a. The fifth character shall be an "A" or an "O'. The "A" denotes a
wi ndow at a wavel ength of 850 nanoneters (nn), with an attenuation
of 4 dB/km and a bandw dth of 800 MHz-km The character shall be
an "O' if these requirenents are not net.

b. The sixth character shall be a "B" or an "O'. The "B" denotes a
mul ti - node wi ndow at a wavel ength of 1,300 nm wth an attenuation
of 1 dB/km and a bandwi dth of 1 GHz-km or a single node w ndow
with an attenuation of .5 dB/km The character shall be an "O' if
these requirenents are not net.

c. The seventh character shall be a "C'" or an "O'. The "C' denotes a
multi- or single node wi ndow of a wavel ength of 1,550 nm wth an
attenuation of 0.5 dB/km The character shall be an "O' if these
requi rements are not net.

The two lower |ines of the cable ID synbol shall indicate nulti-node or
singl e node fibers, cable nunber and fiber count.

Exanple: 072/OBC ldentifies the nunber of optical fibers (72)
and the optical transm ssion wi ndow (as indicated above).

FMBO: 141-200: Identifies Multi-Mde Fiber Cable 50 with
Fi bers 141 t hrough 200.

and FS50: 25-36: Identifies Single Mbde Fiber Cable 50 with
Fi bers 25 through 36.

3  SPLI CE ORGANI ZERS AND ENCLOSURES
The single node or nulti-node fibers shall be fusion spliced with a
protective sleeve covering (buffer tubing) and stored in an organi zer. For

each fiber, a mnimmof 18 inches of spare coiled fiber in buffer tube is
required. The single node fibers shall be spliced last in the splice tray.
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Al splices shall be housed in a "closure within a closure" schene, in
which the area between the inner and outer closure is totally filled with a
re-enterabl e encapsul ati ng conpound.

The inner closure shall house and support a splice tray organi zer which
holds in-place, up to 12 splice trays. The splice trays shall house a
splice block for protected fusion splices and hold 12 or 24 splices. The
tray shall be large enough to route the fibers before and after each splice
such that there are no detrinental effects to the signal properties at the
wavel engt hs specified for the fiber. Each splice tray shall have its own
cover.

The outer closure shall be suitable for a straight, butt, or branch splice
and provide a protective housing nade to receive an encapsul ati ng conpound.
The splice case shall be nade of thernoplastic, thernoset, or stainless
steel material, with structural nenbers as part of the mold (i.e., ribs or
waf fl e structure). The encapsul ating conpound shall be re-enterable and
shall not alter the chemcal stability of the closure or any cable part.
It shall be fast curing and adhere to surfaces throughout its expansion
The encapsul ati ng conpound shall act as a noisture block and shall be safe
to the touch and contain no |Isocyanates. Dry encapsulant shall not be
used. End plates shall be factory drilled to fit the cable(s) outer
diameter. AMP and Siecor (or equal, as approved by the Contracting
O ficer) are suppliers of approved splice cases.

.4 PRE- CONNECTCORI ZED CABLE ASSEMBLY

The Contractor shall supply a factory assenbl ed pre-connectorized cabl e
assenbly to interface with the patch panel bul khead feed-through receptacle
for each termnated fiber. The fiber in the pre-connectorized cable
assenbly shall be manufactured by the same manufacturer as in the
nmulti-fiber cable. Both the cable assenbly connector and the bul khead
receptacl e shall be manufactured by the same nmanufacturer. The jacket for
the assenbly shall be a single fiber 900 mcronmeter tight buffered cable,
riser rated as OFNR cable by the NEC. Contractor shall supply and instal
dust caps for all termnated fibers.

The connector/cable interface on both the single and nulti-node assenblies
shall withstand a tensile force of 25 pounds. 45 kg w t hout detri nental
affects on the optical dB | oss characteristics.

Bef ore the pre-connectorized cabl e assenblies are shipped to KSC, a
Contracting Oficer's representative may be required to visit the assenbly
and polishing site to inspect the assenbly and quality control procedures,
as well as random sanples of the finished assenblies. |If this is done,
test requirenments as indicated in other portions of this specification
shall be verified at the same tinme.

4.1 Mul ti-Mode Cable
The nul ti-node connector and bul khead assenbly (coupler) used to term nate

and test the fibers shall be the equival ent of the AT&T enhanced nul ti-node
ST connector and coupling. The coupling shall be made of netal and shal
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be the bayonet/flange type. The connector shall have a netal housing and a
zirconia ceramc ferrule. The connector shall be PC polished finish and be
termnated on a three (3) nmeter length of nulti-node fiber jacketed as a
single fiber cable. Each connector half shall exhibit a loss of 0.5 dB or

| ess. Additional approved nmanufacturers include 3M and Porta Systens.

. 4.2 Si ngl e Mode Cabl e

The single node connector and feedthrough adapter (coupler) used to
termnate and test the fibers shall be the equival ent of the AT&T enhanced
ST connector and coupling. The coupling shall be made of netal and shal

be the bayonet/flange type. The connector shall have a netal housing and a
zirconia ceramc ferrule. The connector shall be PC polished finish and
termnated utilizing heat cured epoxy on a three (3) neter length of single
node fiber jacketed as a single fiber cable. Each connector half shal
exhibit a loss of 0.5 dB or less. The return |loss for each connector shal
be -30 dB or better. Additional approved nmanufacturers include 3M and
Porta Systens.

.5 LOOPBACK JUMPER BUNDLE ASSEMBLI ES

Junper bundl e assenblies shall be used to perform | oopbacks of fibers
within the CXT Buildings, as part of the Hi gh Density Cross-Connect System
They shall consist of either single node or multi-node optical fibers,
havi ng the sane specifications as the outside plant optical fibers
descri bed above. The junper bundles shall consist of six (6) individua
optical fibers having 900 micron jacketing material. Each bundle shal
contain either six (6) single node fibers or six (6) multi-node fibers
(fibers of different types shall not be mxed within junper bundles).

The junper bundl es shall not contain connectors. Al |oopbacks of fibers
shal |l be perforned using a re-enterable nechanical splice as described in
ot her sections of the specification

Fi bers within each junper bundle shall be color coded using the sane schene
as the outside plant fibers, i.e., they shall have the col ors blue, orange,
green, brown, slate, and white

Junper bundl e assenblies shall be cut to necessary |ength from standard
sized cable reels.

.6 FI BER OPTI C TERM NAL ASSEMBLI ES

Al cable term nations within buildings other than the cross-connect
bui |l di ngs shall be nmade in fiber optic term nal assenblies. Fiber optic
term nal assenblies shall be the pre-assenbled "Optima Instrunent” chassis
and associ ated rack-nounting hardware nanufactured by the Optinma

Encl osures, or equival ent.

.6.1 Splice Trays/ Cable Assenbly Splicing
To facilitate the transition between outside plant cable and the

pre-connectorized cable assenblies, the fibers shall be fusion spliced and
protected with a heat shrink protective tubing slid over the splice. The
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splice shall be held in a splice tray |arge enough to route fusion splices.
The splice block shall be affixed in a splice tray |arge enough to route
fibers before and after each splice, such that there are no detrinental
effects to the signal properties at the wavel engths specified for the
fiber. Each splice tray shall have its own cover. The splice tray shal

be positioned in the fiber optic ternmi nal assenbly as indicated on

drawi ngs, and provide a mninum of 18 inches of spare coiled fiber in

buf fer tube in the patch panel before the splice tray. Attenuation of the

fusion splice shall not exceed 0.2 dB

.7 FI BER OPTI C TERM NAL (FQOT) BAY CABI NET

The FOT cabinet in the VABR, shall be Optima Enclosure's "Optinma Vertical
Cabi net", Model No. R Series, or approved equal. The cabinet's frane shal
consi st of vertical and horizontal tubular alum numextrusions, with a

m ni mal wal |l thickness of .150 inches. Front to rear alum num extruded
corners shall be at least .125 inches in thickness. Rear door, top panel
and side panels shall be a mnimum of 18 gauge steel. Cabinet shall be
provided with 14 gauge steel, .281 inches punched panel/chassis nmounting
rails permtting recessed installation of equi pnent. Cable entry and exit
hol es shall be placed as shown on drawi ngs. D nensions of cabinet and
associ at ed cabi net hardware are as shown on draw ngs.

Renove side panels of new and existing FOI's for adjoining cabinets, unless
ot herwi se indicated on drawi ngs. Cabinet shall be gray in color.
Quantities and sizes are as shown on draw ngs.
Optinma accessories required for FOT cabinets:
a. Connection Kit HW67 for adjoining cabinets.
b. Doors: Solid rear door, typical, Mdel No. D 7724nn Pl exi gl ass
front door, typical, Mdel No. 2D 7724nn-K "nn" is replaced by RH
or LH, depending on location. Specific door ordering infornation

i s indicated on draw ngs.

Addi ti onal approved manufacturer of FOT cabi nets and accessories include
Great Lakes Case and Cabi net Conpany, Inc., of Edinboro, Pennsylvani a.

7.1 12- Fi ber Term nati on Pane

The 12-fiber term nation panel shall be Siecor WC-12, or approved equal

The term nati on panel shall be nountable on a plywood backboard. It shal
contain renovabl e splice trays capabl e of housing pigtail fusion splices
wi th heat shrink protective sleeves. |t shall contain a connector pane

capabl e of terminating all fibers.
. 8 H GH DENSI TY FOT CROSS- CONNECT SYSTEM

Hi gh density FOT bays shall be used in the CXT Buildings only. The high
density bays shall be capable of term nating no | ess than nine (9)
144-fiber cables in one 7 foot bay. The bay shall consist of up to nine
(9) individual splice nodul es, each nobdul e having the capacity to termnate
144 outside plant fibers.
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The high density bay shall include all necessary accessories to allow the
routing of cross-connect junpers, both within the bay and to adjacent bays
within the sane |ine-up

The following are acceptable manufacturer's of high density bays: ADC,
AT&T, Porta Systens, and 3M The following information is provided in
order to describe other products available fromthe manufacturers |isted
above, which also conformto the specifications of the high density
cross-connect franes.

AT&T Network Systens: The LGX fiber optic distributing franme and LDS

(Li ghtguide Distribution Shelves) are used to create high density fiber
franmes. In order to termnate the required 144 fibers in each LDS, the
LSS1U- 144 Li ghtguide splice shelf shall be used. Up to nine (9) of these
units may be placed in one 7 foot bay.

Porta Systens: The Fiber Optic Connection Universal System (FOCUS) Fi ber
Distribution Frame (FDF) is used with the Universal Housing in order to
create the high density fiber cross-connect bays. The universal housings
shal | be equi pped with six (6) "Mxinmum Density" splicing shelves, which
contain 28 splices each. Up to nine (9) housings may be | ocated wthin one
7 foot bay.

3M  The 2400 Series High Density Fiber Cross-Connect System provides rack
nount ed hi gh density cross-connect capability in a 23" x 7' rack. Five
cross-connect cabinets (Mddel 2430) shall be mounted in a standard 23"
rack. Each cabinet shall contain 24 high density connector cards (12 each
of Model 2411 and Model 2413). Twelve (12) connectors (Mdel 2401) shal
be furnished and installed on each connector card. The connectors shal
function as the re-enterable mechanical splices for the 3M cross-connect
system

Certain elements shall renmain combn to the cross-connect system

regardl ess of the cross-connect nmanufacturer selected. These shal

i ncl ude, but not necessarily be limted to to the following: (1) top, side
and rear jumper routing channels and/or troughs which all ow nanageabl e
routing of junpers between splice locations; (2) rear doors; (3) necessary
hardware to secure frames to floor; (4) cable clanps which secure outside
pl ant cables to the splice frames; (5) all necessary tools required to
performthe mating/remati ng of the nmechanical splice, and (6) all necessary
| abeling kits in order to adequately | abel the nunber of each fiber which
termnates in the CXT's. Al of these elenents shall be provided with the
hi gh density cross-connect frames, regardl ess of which manufacturer or
vendor furnishes the cross-connect system These el enents nmay or nay not
be furnished as an integral part of the vendor's cross-connect system i.e.
junper routing troughs nay require additional itens to be purchased and
installed, which are not included with the cross-connect system

.9 FI BER SPLI CI NG
Qutside plant fiber splices shall be fusion type and made al ong the fi ber

route where indicated. The splices shall exhibit an insertion | oss not
greater than 0.2 dB. Al splice neasurenents shall be nmade at 1300 nm

SECTI ON 16702 Page 10



plus or mnus 5 nm Al splices shall be nounted in splice trays (See
Section 2.6.1 for size and type). The nunber of cable splices shall not be
i ncreased.

.10 TEST PLAN

Contractor shall subnit for approval, a test plan (SD 88) showi ng when and

how each systemwi || be tested, 30 days in advance of actual testing. A
testing validation procedure shall also be submtted, which shall be
item zed to the extent that will permt recording the tested paraneters

i ncludi ng space for sign-off witnessed by the Contracting Oficer's
Techni cal Representative.

The test schedul e shall be subnitted to the Contracting Oficer's
representative for approval, 30 days prior to the start of testing.

11 TEST RESULTS

The Contractor test results shall be submtted for approval in accordance
with Section 01330, "Subnittal Procedures"” no later than ten (10) working
days after the conpletion of each type test. Test forns are included at
the end of this section.

.12 SPARE MATERI AL FOR CROSS- CONNECT TERM NAL FACI LI TI ES

In addition to the materials required to install the high density
cross-connect systemas described in the drawi ngs and specifications, the
contract shall also include additional materials to provide capability for
operations personnel to performfuture cross-connects of unterninated
fibers. This shall include the following itens: (1) additional 6 fiber
junper bundl e cables (one additional reel [1 km mninum of both single
node and multi-node cable); (2) additional re-enterable nechanical splices
or connectors (10% surplus beyond total nunber required for testing); (3)
additional tools required to performthe re-enterable nechanical splice
and/ or the cross-connection operation between fibers in the CXT facilities
(two additional sets of all necessary tools shall be provided).

.13 RE- ENTERABLE MECHANI CAL SPLI CES

Al fiber splices within the CXT high density cross-connect systens shal
be made using a re-enterable mechanical splice. Acceptable splices shal

i ncl ude the GIE Fastoneric Mechanical Splice, the AT&T CSL Mechanica
Splice, the Norland UVC Mechanical Splice, the 3MHi gh Density Fiber Optic
Connector, or approved equal. The term"re-enterable" shall be taken to
nmean that the splice is designed to have the fibers being spliced, renoved
and re inserted without degrading optical performance or physically
damagi ng the fibers. Splices which are designed to permanently secure the
fibers within the splice shall not be used.

The splices shall be designed to allow a 250 micron fiber (the outside
plant fiber) to be spliced to a 900 nmicron tight buffered fiber (the CXT
junper bundle assenbly fiber). The re-enterable nechanical splice shall be
used to performtest cable splices as described in other portions of this
speci fication.
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2.

14 1 NDOOR CABLE ( OFNR/ OFNP)

OFNR (Optical Fiber Nonconductive Riser) cable shall be used in buildings
where fiber cable runs |longer than 50 feetl1l5.2 m and outside conduit are
necessary, and where cable is routed between building floors or routed

wi thin non-air handling areas.

OFNP (Optical Fiber Nonconductive Plenum) cable shall be used in buildings
where fiber cable runs |longer than 50 feetl1l5.2 m and outside conduit are
necessary, and cable is routed through plenumor air handling areas.

Both OFNR and OFNP cabl e shall be as defined in NFPA 70.
OFNR/ OFNP cabl es shall contain materials which give the cables suitable

strength to allow themto be placed in ducts and cable tray systens, along
wi th other conmunication cabl es.

.15 CABLE RACKI NG MATERI ALS

Cabl e racking shall be used inside buildings to support fiber optic cables.
The racking material shall be channel type, rather than trough type, and
shal | be constructed of steel material. The rack sections shall consist of
tubul ar side bars spaced on 12"305 mmcenters. All fittings and connecting
hardware required for bends, offsets, and junctions shall be conpatible

with the rack sections.

PART 3 EXECUTI ON

3.

1 GENERAL

Cabl e construction work shall be perfornmed by construction personnel who
are experienced in placing cables in conduit, cable trays, and underground
duct systens.

Fi ber optic cable splices, termnations and testing shall be nade by
journeynen cable splicers who are experienced in splicing and terninating,
and one year in testing fiber optic cables.

Each individual who is to performfiber optic cable splicing may be
required to performa mni numof one acceptable sanple splice and

term nation. Sanple splices and terninations shall not be incorporated in
the job. The qualifications for all personnel to performsplicing and
term nations and testing shall be submitted to the Contracting O ficer for
approval, 30 days prior to start of installation

.2 CABLE

Cabl es shall be provided in continuous | engths as required to acconplish
the required installation without splices fromtermnation to termnation
except where field splices are specifically shown on the contract draw ngs.
If the Contractor deens it necessary to change or elimnate any splice, or
make any ot her than those shown on drawi ngs, the Contractor shall submt
reasons therefore, and the proposed splicing techniques to the Contracting
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Oficer for approval. The splices, if approved, shall be provided at no
additional cost to the Government. All cables shall be termnated with

appropriate connectors and associ ated hardware at all |ocations, except

when indicated ot herwi se on the contract draw ngs.

.3 FI BER SPLI CES

The conpl eted fusion type splice shall be covered with a protective sl eeve
(heat shrink type or approved equal) to restore the protective properties
of the fiber coating and buffering. Deviations to the splice |ocation and
pulling plan will be permtted, upon approval by the Contracting Oficer

Al fiber colors shall be continuous fromend to end. No sw tching or
staggering of color schene within the cable at splice points shall be

al l owed. Exception to this shall take | ace when splicing one 144-fi ber
cable to two 72-fiber cables. 1In all cases, fibers shall be spliced
according to the cable nunber and fiber count. See contract draw ngs for
details. Fibers shall be spliced in nunerical order according to the fiber
counts as shown on the drawings, with nulti-node fibers identified first
and single node fibers at the end.

The cabl es shall be brought out of the manhole into a controlled
environnent to performthe fiber fusion splice operation. The splice shal
be conpleted by returning the cable to the manhol e and routing the cable
around the manhole interior in a neat and orderly manner, such that the
excess cabl e does not inpede future entrance and utilization. The cable is
to be secured at regular intervals.

.4 WORK I N MANHOLES AND CABLE VAULTS

The Contractor shall be responsible for ensuring that safe operating
procedures are followed, work equi pnent is adequate, and personnel have
recei ved proper training. Al atnospheric tests will be conducted by
others, prior to Contractor personnel entering a manhole or vault. Safety
equi pnment will be inspected and approved by an authorized representative of
the Contracting O ficer.

Use of torches, furnaces or other open flanme, heat generating devices or
snoki ng shall not be permitted in manhol es.

Open manhol es shall be protected by fences, railings, signs, flags, or
lights, as applicable. Body static electricity that may have accunul at ed
shal | be discharged to ground prior to personnel contact with manhol e
covers. Renmpoval of nanhol e covers shall be perforned by two nmen using
hooks and enpl oyi ng proper lifting techniques. Al nmanhole covers in the
i mediate vicinity of the duct systemwhere work is to be perfornmed shal
be renpbved to permt adequate ventilation

Each tine work is begun, excessive water shall be renoved or punped from
t he manhol e vault or duct run, as required, prior to personnel entrance.

A manhol e entry permt shall be required for every nmanhole entry. This

permt will be issued by Environnental Health personnel enployed by NASA or
one of its contractors.
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Vapor tests shall be perfornmed to ensure that the presence of expl osive
gases i s bel ow dangerous concentration |levels (less than 25 percent by
vol une) .

Above environnental tests shall be performed each tine work is started or
at the initial crew change, and shall be repeated in a tinme interval not to
exceed 8 hours. |If prolonged forced ventilation is required, the tine
interval for additional tests shall not exceed 2 hours.

Two persons shall be present during nmanhol e operations: one nan enters the
manhol e, the other shall renmmin outside. The outside man shall be equi pped
with a conmunication device to call for help if necessary, as specified by

OSHA 1710. 2B

Bl oners shall be operated continuously while work is being perforned and
until work is conpleted

Envi ronnental tests nust indicate atnosphere is safe prior to personne
entry.

Bl owers or ejectors shall not be placed in the nanhole or cable vault, but
shall be located on the surface at a distance not less than 5 feet fromthe
open manhol e or cable vault, to assure a safe operating atnosphere.

Ladders of the proper length and type (wood or fiberglass) shall be used
for entry into nmanhol es.

The Contractor shall locate all engine driven equi pment downwi nd from
manhol es.

.5 CABLE PLACEMENT

The contract drawi ngs show the general |ocation of the cables and equi pnent
to be placed. The Contractor shall be responsible for surveying the
installation to determ ne obstacles to installation and the exact |ocations
for cables and equipnent to be installed. Any conditions that would
preclude installation of cables and equi pnent in the |ocation shown on the
contract drawi ngs shall be inmediately reported to the Contracting Oficer

Mai ntain a mni mum of 305 nml2 i nches between comuni cation cabling and
power conductors.

.5.1 Securing Cabl e

I mredi ately after cable placenent, a permanent identification tag as
i ndi cated on drawi ngs shall be attached to visible cable sections. The
cabl es shall be checked to ensure that the nmarkings are intact.

Cabl es and equi prent shall be supported and secured as shown on the
contract drawi ngs. Were the specific nmethod of support is not shown,
adequat e supports and fasteners shall be used to secure cables and

equi pnment in position. Metallic supports and fasteners shall be hot-di pped
gal vani zed steel in nanholes and vaults having netallic cable racks, and
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shall be non-netallic naterial in manholes and vaults having non-netallic
racks. All cables shall be routed along the interior sides of nmanhol es.

Two or nore cabl e hooks or cable rack arns are required per nmanhol e.
Cl anmps and Ty-Raps shall be used as necessary to properly secure the cable.
.5.1.1 Bendi ng

Caution shall be used when bendi ng cable to avoid kinks or other damage to
the sheath. The bend radius shall be as |arge as possible, with a m ni mum
of 10 inches. Mnimmradius shall be increased when necessary to neet
cabl e manufacturer's reconmendation. Cables shall not rest against the
edge of the duct conduit nouth, the 30 i nch nmanhol e opening or other sharp
edges.

Unl ess ot herwi se approved, the cable shall be pulled and spliced in the
manner and at the |ocations specified in the draw ngs.

.5.1.2 Pul I'i ng

Cabl e shall be pulled into the duct system using equi pnent designed for
this purpose. This equipnment shall have the capability to continuously
nonitor the cable pulling tension. Subnit SD- 30 on this equipnment and

i nclude calibration data. The cable pulling tension shall not exceed 600
pounds.

Cabl e pulling using vehicles is not permtted.

A sufficient number of trained personnel with 2-way radi o communi cations
equi pnment shall be enployed, to ensure proper installation of the cable.

Pulling Iines shall be attached to both cable ends when cable is destined
for bi-directional pull, and fitted with factory-installed pulling eyes as
shown in AFTO 31WB-10-12, Figure 10-34. Exception to this may be

i mpl enented for pulling 144-fiber cable in 1 inch inner duct; submt
pulling plan as required SD. Cables not equipped with a pulling eye shal
have the pulling line attached to the cable end by neans of a cable grip
installed as shown in AFTO 31WB-10-12, Figure 10-34. Core hitches shal

not be used.

Cable reels shall be located and aligned so that the cable is paid out from
the top of the reel into the duct or conduit in a long, snooth bend,

wi thout twi sting. Cable shall not be pulled fromthe bottomof the reel

A cabl e feeder guide of proper dinmensions shall be used at the nouth to
gui de the cable into the duct or conduit.

Ri ggi ng shall be set up at the pulling end so that the pulling |line and
cable exit on a line parallel with the duct or conduit, to prevent either
from rubbi ng agai nst the edge or nouth. Cable ends shall not be pulled
around sheave wheels. Wen the sheave or pulley cannot be positioned to
obtain sufficient cable end slack for proper racking and splicing with the
pulling Iine attached to the end of the cable, a split cable grip may be
used to obtain the necessary sl ack
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3.5.1.3 Lubri cant

Adequat e pulling lubricant, Hydra-lube F-100, manufactured by Arnco,
West | ake, Chio or approved equal shall be used to nminimze pulling tension
and prevent sheath danmage when pulling cables into ducts and conduits.
Lubricant shall be applied to the cable sheath with a lubricator. When
pul I i ng has been conpl eted, the exposed cable ends shall be w ped cl ean of
[ubricant. Al lubricant spills shall be cleaned up i mediately.

Lubricants shall be certified by the |ubricant nanufacturer to be
conpatible with and intended for use with plastic-sheathed cables. Soap
and grease type lubricants are prohibited

Al'l equipnment and the pulling set shall be carefully checked to mninmze
interruptions once pulling begins. Wen possible, the cable shall be
pul | ed wi thout stopping, until the required anmount of the cabl e has been
placed. |If for any reason the pulling operation nust be halted before the
pull is conpleted, the tension of the pulling line shall not be rel eased.
When pulling is resumed, the inertia of the cable shall be overcone by
increasing the tension in small steps a few seconds apart until the cable
is in nmotion. The cable shall be paid fromthe top of the reel by rotating
the reel in the feed direction at the rate of pull. The cable shall not be
stripped off the reel by pulling.

3.5.1.4 Damage and Defects

It shall be the Contractor's responsibility to ensure, by neans of a
tension nmonitoring device, that the cable pulling procedures being used do
not exceed the maxi mum pul ling tension, as specified by cabl e nanufacturer

The cabl e shall be carefully inspected for sheath defects or other
irregularities as it is paid out fromthe reel. |If defects are detected,
pulling shall stop i mediately and the cabl e section shall be repaired or
repl aced at the discretion of the Contracting Officer. A system of
conmuni cati ons, visual or otherw se, shall be nmaintai ned between pulling
and feed | ocations so that pulling can be stopped instantly, if necessary.

When naking pul |l -throughs, a nan shall be used in the internedi ate

manhol e(s) to guide the cable into the next duct section. Proper rigging
shall be used in the internmedi ate manhol e(s) to keep the pulling line and
cable aligned with the exit duct, to prevent the Iine or cable from rubbing
agai nst the edge of the duct. Cables in pull-through nanhol es shall be set
up and racked before the cable ends in adjacent manhol es are set up and
racked. The Contractor shall exercise caution during the pulling operation
to avoid excess slack and prevent kinking or any damage to the cable.

Cabl e ends pulled into manholes, vaults, or termnal |ocations that are not
to be racked or otherw se permanently positioned i mediately shall be tied
in fixed positions to prevent danmage to the cabl es and provi de adequate
wor ki ng space.
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3.5.1.5 Duct Sea

I nner duct in which cable is placed shall be sealed with insta-foam duct
seal or approved equal to prevent danmage to the cable sheath and to prevent
the entrance of dirt or water into the inner duct. All unused inner duct
installed on this project shall be sealed at both ends by using Aeroquip
part #l PL052W or approved equal

3.5.2 Cabling Installation in Cable Trays

Conmuni cati on cabl es shall not be installed in the same cable tray with AC
power cabl es.

Cabl es placed in cable trays shall be installed in a neat and orderly
manner and shall not cross or interface other cables, except at break-out
poi nt s.

Cables in vertical trays shall be individually retained with Ty-Rap straps
or equal, a nmaximum of 6 feet on center

3.5.3 Cabl e Delivery

The repl acenent cable reels shall be delivered to the Governnment as
directed by the Contracting Oficer

3.6 SEQUENTI AL CABLE RECORD

The sequential cable markings along the cable prior to and after each end
of splice point, shall be recorded on the sequential cable form and
submtted for approval. A sanple formis included at the end of this
section.

3.7 SPLI CE CLOSURE OPERATI ONS

Prior to encapsul ation of all conpleted fiber splices, the Governnent will
i nspect each splice and approve wor knmanship

Encapsul ati ng conpound shall be placed between inner and outer closures
only under well ventilated conditions. Breathing of vapors shall be

avoi ded. Safety gl asses or goggles and inpervious or non-penetrable gloves
are required. Eye and skin contact shall al so be avoi ded.

Filling conpounds within the cable jacket may be renoved by using
"Hydrasol" cl eaner, nade by Anerican Pol ywater Corporation, Stillwater
M nn., or approved equal, or other product reconmended by the specific
cabl e manuf acturer.

3.8 GROUNDI NG SYSTEMs

Metal lic cabling shall be grounded at each term nation point or as
i ndi cated on the contract draw ngs.
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3.

9 TESTI NG

Al test equi pment, test procedures, and testing techniques shall be
specified in the acceptance test plan and will require approval prior to
execution. Tests shall be conducted by the Contractor in accordance with
t he approved Test Plan. The purpose of this testing is to verify that the
installed fiber optic cable systemneets all specified attenuation and
bandwi dth requirements and is capable of being used for its intended
purpose. Field tests shall be witnessed by the Governnent technica
representative. As stated el sewhere in the contract, the Government

techni cal representative shall be given twenty (20) working days notice,
prior to perform ng each test.

Test results shall be submtted for approval. Manufactured or assenbl ed
products or equi prent shall be tested as indicated, and the results
submtted to the Contracting O ficer for approval, prior to shipnent to the
site. Additional tests shall include tests of the reeled cable, as well as
pre-connectorized cable assenblies. Al test |eads shall be of the sane
type, sanme specification and manufactured by the sane firmas that of the
nmulti-fiber cable, or as otherw se stated by the test equi prment

manuf acturer. The Contractor shall perform OIDR tests on each fiber after
splicing operations. Final installation tests shall be nade end-to-end.
Test shall be nade on all fibers in both directions.

.9.1 Test Pl an

The Contractor shall prepare a test plan which provides a detailed outline
of all testing to be acconplished. The test plan shall address whet her

cl addi ng nodes have been stripped prior to testing, source wavel ength
(peak), spectral width full width/half naxi mum (FWV, node structure,
fiber end preparation, and bandw dth neasurements of fiber |inks both
greater and less than 1 km The test plan shall include, as a mninum a
schedul e of when tests will be perforned (relative to installation

m | estones), specific test procedure that will be used, a list of test

equi pnment that will be used (manufacturer, nodel nunber, range, resol ution
accuracy) and shall conformto the specified requirenments of other sections
of this specification

.9.2 Test Results

Each test sheet shall have a sign-off blank for the Contractor, as well as
the contract technical representative. Copies of the conpleted test forns
or test results shall be delivered according to the shop drawing to the
shop drawi ng procedures.

The Contractor shall maintain an accurate test record during all field
tests. Sanples are attached at the end of this section. Use of these
sanple formats are not mandatory, but any Contractor-devel oped format for
recording test data shall be submtted for approval as part of the test
plan. Subnmit tests as directed by the requirenments of the follow ng
secti ons.
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3.

9.3 Factory Tests

Manuf acturing or factory tests shall be nmade and submitted to the
Contracting O ficer for approval, prior to shipnent of material to the site.

.9.3.1 Mul ti-Fiber Cable Tests

Speci fication 79K28125, Revision K, shall be used as the basis for optica
and nechani cal perfornmance test requirenments. Mechanical bend radi us,
tensile strength, crush resistance and inpact resistance test required by
79K28125, Revision K, shall be performed on each |ot or design type of
cable. The results of these tests together with the nunerical aperture,
attenuati on and bandw dth tests of each reel of cabled fiber shall be
submitted in accordance with the referenced EI A Standards. See sanple test
format the end of this section

.9.3.2 Pre- Connectori zed Cabl e Assenbly

Attenuation of each assenbly shall be nade and subnitted for approval prior
to shipment to the site. The nethod of testing shall be in accordance with
79K28125, Revision K, and shall be included in the acceptance test plan

See sanple test format the end of this section

.9.4 Tests During Installation

The Contractor shall perform Optical Time Donmain Reflectoneter (OIDR) tests
during cable installation splice operations. Fiber alignnment shall be made
according to the OTDR read out to minimze the |loss as the fusion splice is
conpleted. A sanple formis included at the end of this section

Al km(mninmun) fiber delay line is required between the OIDR and the
first connector and after the far end connector. Splices not conformng
with the maxi mum attenuati on requirements shall be reworked to conform

If after three attenpts, the specified value is not obtained, then a NASA
Engi neering Evaluation is required before further splicing may conmence.
OTDR val ues for all splices shall be recorded in the presence of the
techni cal representative

The recorded val ues shall be submitted to the Contracting O ficer for
approval within one (1) work day of said record bei ng nade.

.9.5 Installati on Conpletion Tests

After term nations and splices have been conpl eted, each fiber shall have
an OTDR fiber trace nade for the entire span, including a 1 km (m ni mum
fiber delay line before the first connector and after the | ast connector
This test shall be perforned in both directions. These OIDR records shal
be submitted to the Contracting Officer for approval within fourteen (14)
cal endar days. Final acceptance will be based on the final end-to-end
attenuation and bandwi dth test. Final acceptance of pre-connectorized
cabl e assenblies shall be based on OIDR neasured patch panel |oss after
installation.
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3.

Al OTDR Final Acceptance Test Data shall be submtted on 3.5"89 mm
di skettes. The Contractor shall use an OTDR having this capability. The
Contractor shall provide three (3) sets of this data.

The Contractor shall also provide three (3) sets of legally registered and
i censed PC-based OIDR-enul ati on software (including docunentation) which
is conpatible with the OIDR used during testing. The software requirenent
will be waived by the Government if one of the followi ng OTDR/ software
conbinations is used for the testing.

a. ANRI TSU MA0040B OTDR
MX3602B OTDR Enul ati on Software - 1st
Edition (1994)

b. TEKTRONI X TFP2 OTDR
TFP2 Fi ber Master Trace Anal ysis Package
(FMTAP) Emul ation Software -
Version 2.00 (1993)
Fi ber Master Utility Disk -
Version 1.02 (1993)

c. Laser Precision Corp. TD 350 Version 2.29 (3/26/96)
PC- 3000 OTDR Enul ati on Software
d. Siecor (Corning) OTDR 2001- PC
OTDR Enul ation Software V1.10
(5/26/92)

9.6 Fi nal Acceptance Tests

Fi nal acceptance tests shall be nade after all other tests are perforned
and approved. Final acceptance tests neasure attenuation and bandwi dt h of
installed fibers. Sanple forns are included at the end of this section
Conpl eted forns shall be subnmitted to the Contracting O ficer for approval
within three (3) working days of test.

.9.6.1 End-t o- End Attenuation Test

Attenuation shall be neasured at the 1300 nm and the 1550 nm wavel ength of
both the single node and the nmulti-node fiber using the insertion |oss

net hod, perforned in each direction. The neasurenent requires the use of a
stable |ight source and a light neter, both with a designated junper cord
whose far end connector is the type an nake of the installed fiber being
nmeasured. The |ight source junmper cord shall wap around a 1/2 inch

di anmeter mandrel a mnimmof five (5) tinmes. The |ight source cord shal
be connected to the light neter cord by neans of a Bul khead Assenbl y/ Fee
Thr ough Adaptor (sane type as systemto be neasured) and the neter reading
shall be set to zero or used as the reference | oss. The light source shal
then be connected to one end of the fiber under test and the |light neter to
the other end, and the neter reading recorded. |If the neter had a
reference loss, it nust be subtracted fromthe recorded test reading to
determ ne the loss. Fibers used during test shall neet the sane
specifications as the fibers under test.
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The measured | oss shall not exceed the cal cul ated | oss. The cal cul at ed
| oss (Lc) shall be shown as:

Lc(nul ti-node, 1300 & 1550) shall be equal to
It(1 dB/ km) +nl(. 2dB)+n2(.5dB)

Lc(Si ngl e node, 1300 & 1550) shall be equal to
I't(.5dB/ knm) +nl(.2dB)_n2(.5dB)

Where It is the length in kiloneters of the fiber to be tested, nl is the
nunber of splices in the length to be tested, and n2 is the nunber of
connector halves in the length to be tested.

End-to-end attenuation tests shall be perforned at both 1310 nm and 1550 nm
on both multi-node and single node fibers. The nmulti-node fibers shall be
j udged acceptable only on the basis of the 1310 nm wi ndow tests; the 1550
nmtests shall be perfornmed for record purposes only. The single node
fibers shall be judged acceptable on the basis of both wi ndows, i.e., each
fiber nust neet the requirenents for both 1310 nm and 1550 nm

.9.6.2 End-t o- End Bandwi dth Test (Multi-Mde Only)

The end-to-end bandwi dth shall be neasured utilizing frequency domain

nmet hod. The bandwi dth shall be neasured in both directions on al

mul ti-nmode fibers and nmeasurenments shall be recorded. The bandwi dth at -3
dB optical power of each optical fiber in the cable shall be a bandw dth

| ength product greater than 1 GHz-kmwi thin a peak optical em ssive region
of 1280-1330 nm This test shall be made at the conpletion of the testing.
See sanple test format the end of this section. The cal cul ated bandw dth
(BW), with Gamma equal to 1, shall be shown as:

For fiber length less than 1 km
BW shall be greater than or equal to 1 GHz

For fiber length greater than 1 km
BW shall be greater than or equal to 1GHz-km It

Where It is the length in kilonmeters of the fiber to be tested.
.9.6.3 Accept ance Tests of Loopback Fibers

Fi ber cable installed within the CXT facilities shall be subject to the
sanme acceptance tests as described above.

Fi bers which are | ooped back within the CXT facilities shall be tested
end-to-end through the CXT and back to the originating facility. Wen
testing through the CXT's, the re-enterabl e nechanical splices required
here shall be treated in the end-to-end attenuati on budget as separate
field splices, i.e., atotal of 0.2 dB shall be allowed in the budget for
the CXT's nechani cal splice connector |oss.

.10  TEST EQUI PMENT

The test equi pnent used for verifying installation testing shall be
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calibrated by a certified testing conpany within three (3) weeks of use,
and neet the follow ng requirenents:

3.10.1 Optical Tinme Domain Refl ectoneter (OIDR)
Qperating wavel engths: 1,300 plus or mnus 20 nanoneters
Attenuati on Range (one way): Mninum 15 dB at 1,300 nm
Attenuation Resolution: 0.01 dB
Accuracy: plus 0.5 dB
Display: OIDR s shall have digital readout capability and shall have a
nmeans of providing a permanent record of the fiber trace on 3.5"89 mMn
di skettes.
OTDR PC Software: See 3.9.5
3.10.2 Attenuation Measurenment Test Set
An attenuation nmeasurenent test set shall consist of an optical power neter
and an optical power source. The attenuation neasurenent test set nust be
traceabl e to NBS standards for stable optical source. The neter may be
anal og or digital. The follow ng requirenents shall apply:

Qperating wavel engths: 1,300 plus or mnus 10 nanoneters

* The Government will provide the Contractor with a power neter and |ight
source to conplete testing at the 1550 nm wi ndow for nulti-node fiber only.

Attenuation Range: at least 30 dB or better at 1,300 nm
Attenuation Resolution: 0.01 dB

Accuracy: The accuracy of the attenuation neasurenent test set shall be
plus or mnus 5 percent.

The optical source shall be capable of coupling sufficient power into the
fiber so that the light received at the neter is within the neter
detectability limts.
3.10.3 Bandwi dt h Measurenent Equi prment
Al'l bandw dt h measur enent equi prent shall neet the follow ng requirenents:
a. Operating wavel engths: 1,300 plus or minus 10 nanoneters
b. Bandw dth Range: m ni nrum 1000 negahertz
c. Bandwi dth Resolution: 1 negahertz
d. Accuracy: The accuracy of the bandw dth nmeasurenment equi pnent

shal |l be plus or minus 0.5 negahertz.
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e. Measurenent Method: Swept Frequency
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3.11 TABLES

SAMPLE DATA FORM PARAGRAPH 3. 6

SEQUENTI AL CABLE MARKI NGS

CONTRACT NAME/ NUMBER:

FROM BLDG TO BLDG / END PO NT,

LENGTH km  CABLE NUMBER

BUI LDI NG MANHOLE LOCATI ON READI NG
START PO NT

END POl NT
TOTAL ( START TO END)

DI STANCE
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km
km

TEST CONDUCTOR: DATE:

CONTRACTI NG OFF. REP. DATE:
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SAMPLE DATA FORM PARAGRAPH 3. 10. 6. 2

FACTORY CABLE DATA ( REELED)

CONTRACT

NAVE/ NUVBER:

CABLE MFG. : DATE:

ADDRESS: REEL NO.

CABLE | DENTI FI CATI ON: REEL LENGTH km

FI BER TUBE AND BANDW DTH ATTENUATI ON NUMERI CAL

CA NO FI BER COLOR (MHz-km) 1300nm (dB/ kn) APERTURE
1300nm 1500nm

TEST CONDUCTOR: DATE:

CONTRACTI NG OFF. REP. DATE:
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SAMPLE DATA FORM PARAGRAPH 3.10.6.1

END- TO- END ATTENUATI ON TEST

CONTRACT

NAVE/ NUVBER:

BLDG LOC. TO FROM

CABLE NO. NO. CONNECTORS NO  SPLI CES

CALCULATED ATTENUATI ON: dB TEST REFERENCE LCSS: dB

TEST WAVELENGTH:

FIBER  COLOR FI BER NET FIBER  COLOR FIBER  NET

NO TUBE/ UNDER LSS  NO TUBE/ UNDER  LOSS
FI BER TEST (dB) FI BER TEST (dB)

(dB) (dB)
TEST CONDUCTOR: DATE:
CONTRACTI NG OFF. REP. DATE:
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SAMPLE DATA FORM PARAGRAPH 3. 10. 6. 2

END- TO- END BANDW DTH TEST

CONTRACT

NAME/ NUVBER:

FROM BLDG. : TO BLDG / END PO NT,
LENGTH km  CABLE NUMBER

CALCULATED BANDW DTH BW

FI BER CALOR BNDWDTH Gz FIBER COLCR BNDWDTH Gz
NO. TUBE/ FI BER @.300nm -km  NO TUBE/ FIBER  @300nm  -km
TEST CONDUCTOR: DATE:
CONTRACTI NG OFF. REP. DATE:
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SAMPLE DATA FORM PARAGRAPH 3. 10. 3.2

PRE- CONNECTORI ZED CABLE ASSEMBLY FACTORY DATA

CONTRACT
NAVE/ NUMBER:

CABLE
MFG. :

ADDRESS:

ASSEMBLY
| DENTI FI CATI ON:

CONNECTOR TYPE: km LOT NO

ASSENMBLY ATTENUATI ON ASSENMBLY ATTENUATI ON
NUVBER (dB/ knm) 1300 nm NUVBER (dB/ km) 1550nm

TEST CONDUCTOR: DATE:

CONTRACTI NG OFF. REP.: DATE:
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SAMPLE DATA FORM PARAGRAPH 3. 10. 4

FI ELD TERM NATI ON SPLI CE RECORD

CONTRACT
NAME/ NUVBER:
TEST LOCATI ON: CABLE NUMBER
SPLI CE LOCATI ON: LENGTH TO SPLI CE: km
LENGTH TO END OF FI BER km
FIBER  TUBE SPLI CE FI BER TUBE SPLI CE
NO. COLOK/ ATTEMPT/ NO. COLOK/ ATTEMPT/
FI BER LGSS FI BER LGSS
COLOR db COLOR db
1 2 3 1 2 3
TEST CONDUCTOR: DATE:
CONTRACTI NG OFF. REP.: DATE:

-- End of Section --
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